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(54) Multiple layered vaso-occlusive coils 

(57) This is an implantable vaso-occlusive device. It 
is a complex, helically wound coil having multiple sec- 
ondary layers of primary windings. The final shape is 
often chunky in nature and may be used in the approx- 
imate shape of an anatomical cavity. It may be deployed 
in the approximate shape of a sphere, an ovoid, or other 
distorted spherical shape. The device is a self-forming 
shape made from a pre-formed linear vaso-occlusion 
member Fibers may be introduced onto the device and 



affixed to the pre-formed linear member The constituent 
member may be also be covered with a fibrous braid 
The device is typically introduced through a catheter 
The device is passed axially through the catheter sheath 
and assumes its form upon exiting the catheter without 
further action. The invention also includes methods of 
winding the anatomically shaped vaso-occlusive device 
into appropriately shaped forms and annealing ihem to 
form various devices. 
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Description 

This invention is an Innplantable vaso-occlusive de- 
vice, it is a complex, helically wound coil having nnultiple 
secondary layers of primary windings. The final shape s 
is often chunky in nature and may be used in the ap- 
proximate shape of an anatomical cavity and tends to 
be more space-filling than single layered vaso-occlusive 
coils. It may be deployed in the approximate shape of a 
sphere, an ovoid, or other distorted spherical shape, 
The device is a self-forming shape made from a pre- 
formed linear vaso-occlusion member. Fibers may be 
introduced onto the device and affixed to the pre-formed 
linear member. The constituent member may be also be 
covered with a fibrous braid. The device is typically in- is 
troduced through a catheter. The device is passed axi- 
ally through the catheter sheath and assumes its form 
upon exiting the catheter without further action. The in- 
vention also includes methods of winding the anatomi- 
cally shaped vaso-occlusive device into appropriately 20 
shaped forms and annealing them to form various de- 
vices. 

Vaso-occlusion devices are surgical implements or 
implants that are placed within the vasculature of the 
■ human body, typically via a catheter, either to block the 25 
flow of blood through a vessel making up that portion of 
the vasculature through the formation of an embolus or 
to form such an embolus within an aneurysm stemming 
from the vessel. One widely used vaso-occlusive device 
is a helical wire coil having windings which may be di- 30 
mensioned to engage the walls of the vessels. Other 
less stiff helically coiled devices have been described, 
as well as those involving woven braids. 

For instance. U.S, Patent No. 4.994.069. to Ritchart 
et al.. describes a vaso-occlusive coil that assumes a ^5 
linear helical configuration when stretched and a folded, 
convoluted configuration when relaxed. The stretched 
condition is used in placing the coil at the desired site 
(by its passage through the catheter) and the coil as- 
sumes a relaxed configuration -- which is better suited -^o 
to occlude the vessel - once the device is so placed. 
Ritchart et al. describes a variety of shapes. The sec- 
ondary shapes of the disclosed coils include "flower" 
shapes and double vortices. A random shape is de- 
scribed, as well. 45 

Vaso-occlusive coils having attached fibrous ele- 
• ments in a variety of secondary shapes are shown in U, 
S. Patent No. 5.304.194. to Chee et al. Chee et al. de- 
scribes a helically wound device having a secondary 
shape in which the fibrous elements extend in a sinu- so 
soidal fashion down the length of the coil. These coils, 
as with Ritchart et al.. are produced in such a way that 
they will pass through the lumen of a catheter in a gen- 
erally straight configuration and, when released from the 
catheter, form a relaxed or folded shape in the lumen or 55 
cavity chosen within the human body. The fibrous ele- 
ments shown in Chee et al. enhance the ability of the 
coil to Nil space within the vasculature and to facilitate 



formation of embolus and subsequent allied tissue. 

There are a variety of ways of discharging shaped 
coils and linear coils into the human vasculature. In ad- 
dition to those patents which apparently describe only 
the physical pushing of a coil out into the vasculature 
(e.g., Ritchart et al.), there are a number of other ways 
to release the coil at a specifically chosen time and site. 
U.S, Patent No. 5,354.295 and its parent, 5.122,136, 
both to Guglielmi et al., describe an electrolytically de- 
tachable embolic device. 

A variety of mechanically detachable devices are 
also known. For instance. U.S. Patent No. 5,236,437. to 
Sepetka, shows a method of unscrewing a helically 
wound coil from a pusher having interlocking surfaces. 
U.S. Patent No. 5.250,071, to Palermo, shows an em- 
bolic coil assembly using interlocking clasps mounted 
both on the pusher and on the embolic coil, U.S. Patent 
No. 5,261 ,916. to Engelson, shows a detachable push- 
er-vaso-occlusive coil assembly having an interlocking 
ball and keyway-type coupling. U S. Patent No, 
5,304,195, to Twyford et al., shows a pusher-vase-oc- 
clusive coil assembly having an affixed, proximately ex- 
tending wire carrying a ball on its proximal end and a 
pusher having a similar end. The two ends are inter- 
locked and disengage when expelled from the distal tip 
of the catheter. U S. Patent No. 5,312.415. to Palermo, 
also shows a method for discharging numerous coils 
from a single pusher by use of a guidewire which has a 
section capable of interconnecting with the interior of the 
helically wound coil. U.S. Patent No. 5.350,397, to Pal- 
ermo et al.. shows a pusher having a throat at its distal 
end and a pusher through its axis. The pusher sheath 
will hold onto the end of an embolic coil and will then be 
released upon pushing the axially placed pusher wire 
against the member found on the proximal end of the 
vaso-occlusive coil, 

Vaso-occlusive coils having little or no inherent sec- 
ondary shape have also been described. For instance, 
in U.S. Patent Application 07/978.320. filed November 
18.1 992. entitled "Ultrasoft Embolization Coils with Flu- 
id-Like Properties" by Berenstein et al.. is found a coil 
having little or no shape after introduction into the vas- 
cular space 

None of these devices are multiple winding helical 
coils which self-form into layered complex helical 
shapes upon ejection from a delivery catheter. 

This invention is a vaso-occlusive device compris- 
ing one or more vaso-occlusive helical coils which are 
formed by first winding a wire into a first helix: the first 
helix is then wound into a secondary form which is 
wound back onto itself to form two or more layers of the 
primary coil. The reverse winding may be on the same 
axis as the first winding axis or may be on a different 
axis. The overall form may be selected to be a generally 
spherical or ovoid shape when relaxed. Desirably the 
vaso-occlusive device is of a size and shape suitable for 
lifting snugly within a vascular cavity (e.g.. an aneurysm 
or perhaps, a fistula). The stiffness of the various parts 
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of the coil may be selected to enhance the utility ol the 
device for specific applications Fibrous materials may 
be woven into the member or tied or wrapped onto it. 

The device may be made in a variety of ways. Typ- 
ically, the member is helically wound in a generally linear 
fashion to form a first or primary winding. After comple- 
tion of that step, the primary winding is then wound 
around a first appropriately shaped mandrel or form, a 
cylindrical mandrel or form may then be placed over the 
first layer. The primary coil is then wound back over the 
first layer of coil and cylindrical mandrel until a suitable 
length is attained. A further cylindrical mandrel may then 
be placed over the second layer of layered coil and a 
further layer of primary coil is then wound back across 
the second cylindrical mandrel. Further mandrels and 
reverses in direction may be had as desired. The as- 
sembly may then be heat-treated to help it retain its 
shape after removal from the heating form. Auxiliary fi- 
brous materials are then added by weaving, tying, or 
other suitable permanent attachment methods. 

The device is used simply by temporarily straight- 
ening the device and introducing it into a suitable cath- 
eter, the catheter already having been situated so that 
its distal opening is within the mouth of the vascular cav- 
ity or opening to be filled. The device is then pushed 
through the catheter and. upon its ejection from the dis- 
tal end of the catheter into the vascular cavity assumes 
Its relaxed shape. 

The device is typically used in the human vascula- 
ture to form emboli but may be used in any site in the 
human body where an occlusion such as one produced 
by the inventive device is needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A shows a cross sectional side view of a 
vaso-occlusive coil made according to the invention 

Figure IS shows a side view of the vaso-occlusive 
coil of Figure 1 A. 

Figure 1C shows a end view of the vaso-occlusive 
coil of Figure 1 A. 

Figure 2A shows a cross sectional side view of a 
vaso-occlusive coil made according to the invention 
having two axes of winding. 

Figure 2B shows a side view of the vaso-occlusive 
coil of Figure 2A. 

Figure 2C shows a partial cross-sectional end view 
of the vaso-occlusive coil of Figure 2A. 

Figure 3 is a side view of a coil made according to 
the invention in which the outer profile is not cylindrical. 

Figure 4 shows a magnified partial side view of a 
device for the purpose of showing the interior stretch re- 
sisting strand. 

Figure 5 shows a procedure for winding a coil such 
as shown in Figures 1 A to 1 C according to the invention. 

Figure 6 shows a procedure for winding a coil such 
as shown in Figures 2A to 2C according to the invention, 

Figure 7 shows a procedure for introducing a vaso- 



occlusive coil such as in Figures 1 A to 1 C into an aneu- 
rysm. 

Figure 1 A shows a side-view cross-section of one 
highly desirable variation of this invention - a generally 

s spherical coil (100). The variation shown in Figure 1A 
(and the others shown in the Figures) is a "coil of a cotl". 
That is to say that the overall device (100) is made up 
of a primary coil (1 02) which has been initially wound in 
a linear form and then wound into the secondary form 

10 shown. This coil (100) has three layers of secondary 
windings. The inner winding (104) first wound and the 
second layer ( 1 06) is found on top of the first layer ( 1 04) 
The second layer (106) in this instance has approxi- 
mately the same longitudinal axis (105). The second iay- 

^5 er (106) IS formed simply by winding the primary coil 
(102) in the opposite direction from that of the first layer 
(104). The procedure for winding the coil will be de- 
scribed in greater below. Although it is not absolutely 
necessary for the invention, the second layer ( i06l may 

20 be a continuation of the primary coil (102) of the first 
layer (104). In some circumstances, it may be desirable 
to use multiple primary coils. In the Figure is variation 
the vaso-occlusive coil is made up of an outer layer 
(110). As may be seen in both Figures 1A and IB. the 
outer layer (110) is shorter in axial length than the sec- 
ond layer (106) which, in turn, is shorter than the axial 
length than the inner layer ( 1 04). This configuration is a 
chunky or stepped shape approximating a sphere 
ovoid, or egg Other shapes approximating the shape of 

^0 the interior of a vascular cavity (e g . an aneurysm, or 
perhaps, a fistula) are contemplated and may be easily 
formulated using the concepts described herein 

Figure 1C shows an end view of the device nOO) 
shown in Figures 1 A and 1 B. Figure 1 C shows the inner 
layer (104). second layer (106) and outer layer illO) 
Connecting inner layer (104) and second layer (106) 
may be seen the connecting coil section (112) Similarly 
connecting coil section (114) is seen between second 
layer (106) and outer layer (110). 

'0 The spacing between the various layers is not crit- 
ical but is desirably somewhat loose much in the way 
depicted in the Figures. This spacing places a significant 
amount of Ihrombogenic material within the inner re- 
cesses of the inventive device. Furthermore, the spac- 

■^5 ing allows room for the expansion of the device and self- 
alignment into the desired shape as the primary coil ex- 
tends from the end of the deploying catheter. A tight 
spacing between layers may result in interference be- 
tween the various layers during deployment and a ran- 

so dom (rather than regular) shape after completion of the 
deployment. 

The material used in vaso-occlusive member (100) 
may be any of a wide variety of materials, preferably 
the wire is a radio-opaque material such as a metal or 
5^ a polymer. Suitable metals and alloys for the wire mak- 
ing up the primary coil (102) include the Platinum Group 
metals, especially platinum, rhodium, palladium, rhe- 
nium, as well as tungsten gold, silver, tantalum, and al- 
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toys of these metals. These metals have significant ra- 
diopacity and in their alloys may be tailored to accom- 
plish an appropriate blend of flexibility and stiffness. 
They are also largely biologically inert, highly preferred 
is a platinum/tungsten alloy. 5 

The wire may also be of any of a wide variety of 
stainless steels if some sacrifice of radiopacity may be 
tolerated. Very desirable materials of construction, from 
a mechanical point of view, are materials which maintain 
their shape despite being subjected to high stress. Cer- w 
tain "super-elastic alloys" include nickel/titanium alloys 
(48-58 atomic % nickel and optionally containing mod- 
est amounts of iron) : copper/zinc alloys (38-42 weight 
7o zinc): copper/zinc alloys containing 1 -10 weight % of 
beryllium, silicon, tin. aluminum, or gallium: or nickel/ '5 
aluminum alloys (36-38 atomic % aluminum). Particu- 
larly preferred are the alloys described in U.S. Patent 
Nos. 3.174.851: 3.351.463: and 3.753.700, Especially 
preferred is the titanium/nickel alloy known as "nitinol". 
These are very sturdy alloys which will tolerate signifi- 20 
cant flexing without deformation even when used as a 
very small diameter wire. 

If a superelasttc alloy such as nitinol is used in the 
device, the diameter of the coil wire may be significantly 
smaller than that used when the relatively more ductile 25 
platinum or platinum/tungsten alloy is used as the ma- 
terial of construction 

Finally, the overall diameter of the device (100) is 
generally between 3 and 12 millimeters. Most aneu- 
rysms within the cranial vasculature can be treated by 30 
one or more devices having those diameters. Of course, 
such diameters ar not a critical aspect of the invention. 

The coils may be made of radiolucent fibers or pol- 
ymers (or metallic threads coaled with radiolucent or ra- 
diopaque fibers) such as Dacron (polyester), polyglycol- 35 
ic acid, polylactic acid, fluoropolymers (polytetrafluoro- 
ethylene). Nylon (polyamide). or even silk. Should a pol- 
ymer be used as the major component of the vaso-oc- 
clusive member (100). it is desirably filled with some 
amount of a known radiopaque material such as pow- -to 
dered tantalum, powdered tungsten, bismuth oxide, bar- 
ium sulfate, and the like. 

Generally speaking, when the device (100) is 
formed of a metallic coil as the vaso-occlusive member 
(102) and that coil is a platinum alloy or a superelastic 
alloy such as nitinol. the diameter of the wire used in the 
production of the coil will be in the range of 0.0005 and 
0.006 inches. The wire of such diameter is typically then 
wound into a primary coil (102) having a primary diam- 
eter of between 0.005 and 0.025 inches. For most neu- so 
rovascular indications, the preferable diameter is 0,010 
to 0.018 inches. We have generally found that the wire 
may be of sufficient diameter to provide a hoop strength 
to the resulting device sufficient to hold the device in 
place within the chosen body cavity without distending 55 
the wall of the cavity and without moving from the cavity 
as a result of the repetitive fluid pulsing found in the vas- 
cular system. 



The axial length of the primary shape will usually 
fall in the range of 0.5 to 100 cm, more usually 2 to 40 
cm. Depending upon usage, the coil may well have 
10-75 turns per centimeter, preferably 10-40 turns per 
centimeter. All of the dimensions here are provided only 
as guidelines and are not critical to the invention. How- 
ever, only dimensions suitable for use in occluding sites 
within the human body are included in the scope of this 
invention, 

A variation of this invention includes helically wound 
primary coils (102) having at least one region having a 
greater flexibility than some other section of the coil. 
This allows tailoring of the resulting device ( 1 00) for par- 
ticular purposed. For instance, for use in thin-walled an- 
eurysms, a device ( 1 00) having an outer layer (110) and 
perhaps a second layer (106) of a softer material might 
be desirable. This softening of some portion of the de- 
vice may be accomplished in a variety of ways. e.g.. by 
altering the pitch spacing or angle of the primary winding 
or by changing the diameter of the wire or the primary 
coil in certain regions. The coil section may be annealed 
to soften the metal in the coil section. 

Other uses may require stiffer outer sections in the 
device (100). 

Also contemplated in this invention is the attach- 
ment of various fibrous materials to the inventive coil 
(100) for the purpose of adding thrombogenicity to the 
resulting assembly. The fibrous materials may be at- 
tached in a variety of ways. A series of looping fibers 
may be looped through or tied to coil and continue axially 
down the coil. Another variation is by tying the tuft to the 
coil. Tufts may be tied at multiple sites through the coil 
to provide a vast area of embolus forming sites. The pri- 
mary coil may be covered by a fibrous braid. The method 
for producing the former variation is described in U.S. 
Patent Nos 5,226,911 and 5.304,194 to Chee. The 
method of producing the fibrous braid is described in U. 
S, Patent 5.362.259. issued January 17. 1995. to Phelps 
and Van. 

Figures 2A, 2B. and 2C show a variation of the in- 
vention in which the vaso-occlusive device (130) is 
wound in such a way that the various layers of the device 
are not centered about a single axis. 

Figure 2A shows a side-viewcross-se. Mon of a sec- 
ond variation of this invention, a coil (1 30). This variation 
IS also made up of a primary coil which was initially 
wound in a linear form and that linear coil (shown as 
(102) in Figure 1A) is then wound into the secondary * 
form shown. This coil ( 1 30) also has three layers of sec- 
ondary windings. The inner winding ( 1 32) is first wound 
and the second layer (134) is found on lop of the first 
layer (132). The second layer (134) in this instance has 
approximately the same longitudinal axis (132) as the 
first layer (132) 

In the Figure 2B variation, the vaso-occlusive coil 
(130) has an outer layer (138) which is wound having 
on an axis different than the axis of the two inner coil 
layers (132 and 134), Different than the Figure lA-lC 
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variation, the outer layer (130) has a fairly long axial 
length. This configuration is also a stepped shape ap- 
proximating a sphere, ovoid, or egg. This variation has 
a propensity to self -form with a bit greater ease than the 
variation discussed above since the outer layer does not 
have so far to travel within the vascular wall as does the 
prinnary coil in the Figure 1 A-1 C variation. Other shapes 
nnay also be easily formulated using the concepts de- 
scribed herein. 

Figure 2C shows a partial cutaway, end view of the 
inventive device (1 30). Figure 2C shows the inner layer 
(132). second layer (134). and outer layer (139). 

Figure 3 shows a side view of a vaso-occlusive de- 
vice (140) made according to this invention having a 
secondary shape which is not columnar. In this instance 
the exemplified overall secondary shape is ovoid This 
variation is merely an example of the outer shapes 
which may be selected to perform specified occlusive 
tasks. The inner layers (not shown in Figure 3) may ei- 
ther correspond in shape to the outer layer ( 1 42) or may 
be columnar or tubular as is shown in the earlier Figures, 
Specific secondary shapes are not cntical to this inven- 
tion. 

Figure 4 shows a desirable variation of the invention 
in which the primary winding (150) is reinforced with an 
inner wire (152) which runs from end to end of the pri- 
mary winding (150). The reinforcing wire (152) is for the 
purpose of preventing the occurrence of stretching dur- 
ing those instances in which the coil is moved from site 
to site within the human body. In this variation, the rein- 
forcing wire (152) is a small wire of the same composi- 
tion as is the coil wire material. and is melted into the tip 
( 1 54) of the primary winding ( 1 50) to form a sturdy joint. 

Although methods for production of the inventive 
devices may be apparent to the skilled worker based 
upon our description of the device. Figures 5 and 6 show 
a desirable method for producing the devices shown, 
respectively, in Figures 1 A-lC and in Figures 2A-2C. 

Figure 5 shows a method for winding the Figure 1 A- 
1C device. Prior to step 1 in the Figure, a portion of wire 
is first wound to produce a linear coil (170). In step 1. 
the linear coil is then wound onto a mandrel (172) to 
match the pitch criteria discussed above. It is common 
to anneal the linear coil to prevent it from unwinding dur- 
ing these later fabrication steps Step 2 shows the in- 
stallation of a tubular mandrel (i 74) onto the outside of 
inner layer ( 1 76). In step 3. another length of the primary 
linear coil is wound from right to left in drawing to pro- 
duce a second layer (17e). An additional tubular man- 
drel (150) is then added to the outer surface of second 
layer (175). The remaining length (152) of primary linear 
coil is then wound from left to right in the drawing to pro- 
duce the outer layer (152). The complete assemblage 
(156) of coil and mandrels is then subjected to an ap- 
propriate annealing step to set the secondary shape 
(see. Figure IB) prior to disassembly of the fabrication 
apparatus and loading of the coil into a carrier for intro- 
duction into the delivery catheter. The various mandrels 



shown are of sufficient heat resistance to allow such an- 
nealing steps. The mandrels are typically made of a re- 
fractory material such as alumina or zirconia (for heat- 
treating devices made of purely metallic components) 

s or may be made of a ball of a metallic coil material. The 
function of the mandrels is simply to form a support for 
winding, not pollute the device during the heat-treatment 
step, and provide a specific form to the device during 
that heat-treatment step. A typical annealing step for a 

10 platinum/tungsten alloy would involve a 1 1 0O'F heating 
step in air for about 15-20 minutes. 

Should the make-up of the vaso-occlusive element 
not be solely metal -- in that it contains readily meltable 
plastic or the like - the temperature at which the heat 

IS treatment takes place is significantly lower and typically 
for a significantly shorter period of time. The flexural 
modulus of most plastics being significantly lower than 
those of metals, the bulk of the polymer-based device 
will be significantly larger than that of the metal-based 

20 device. 

Figure 6 shows a similar procedure. Step 1 shows 
the assembly of a three-part mandrel ( 1 90) The assem- 
bled mandrel is then wound in Step 2. with a primary 
linear coil (1 70) to form an inner winding ( 1 92) a tubular 

^5 mandrel (194) is then wound with the linear coil to pro- 
duce a second layer (196) much in the manner de- 
scnbed in steps 2 and 3 of Figure 6. In step 4. the inner 
mandrel assembly (196) is disassembled and a gener- 
ally tubular mandrel (195) is placed about the thusiy 

30 wound coil. The outer mandrel ( 1 95) has an axis which 
is generally orthogonal to the axis of the inner mandrel 
(190) but obviously need not be so. The stub (200) of 
the linear coil is then wound about the outer mandrel 
(1 95) to produce outer layer (202). The assembly (204) 

'^s may then be annealed in the manner discussed above 
The assembly may then be taken apart, the coil extend- 
ed and introduced-into a carrier for later delivery via a 
catheter 

Figure 7 depicts a common deployment method for 

-0 introduction of the inventive vaso-occlusive devices de- 
scnbed here. It may be observed that these procedures 
are not significantly different than those described in the 
Ritchart et al. patent mentioned above. The major dif- 
ference m the procedure is the ability of the vaso-occlu- 

-'5 sive device to form the secondary shapes discussed 
above as the coil exits the catheter Specifically. Step 1 
shows the distal tip of a delivery catheter (21 0) which is 
within the opening (212) of an aneurysm (214) found in 
an artery (216) The distal or end section of the vaso- 

so occlusive device (215) is shown within the catheter 
(210). In Step 2. the distal end portion of the vaso-oc- 
clusive device (2i 5) has exited the distal end of the cath- 
eter (210) and has "self-wound" to form the inner layer 
of the vaso-occlusive device (21 5) within the aneurysm 

ss (214). Step 3 shows the winding of the second layer of 
the vaso-occlusive device (2i5). Step 4 shows the final 
wrapping of the outer layer of the vaso-occlusive device 
(215) within the aneurysm (214) and the withdrawal of 
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the catheter from the mouth of the catheter (210). 

Modification of the above-described variations of 
carrying out the invention that would be apparent to 
those of skill in the fields of medical device design gen- 
erally= and vaso-occlusive devices specifically, are in- 
tended to be within the scope of the following claims. 

Claims 

1. A vaso-occlusive device comprising a helically 
wound primary coil which helically wound primary 
coil is further wound into a helically wound second 
form, said second form comprising at least two lay- 
ers of said primary coil at least one of said second 
form layers being an outer layer and at least one of 
said second form layers being within said outer lay- 
er. 

2. The device of claim 1 . where the device is self-form- 
ing into said second form from said helically wound 
primary coil upon release from a catheter. 

3. The device of claim 1 or claim 2. where the second- 
ary form has a single longitudinal axis. 

4. The device of claim 3 where the at least two layers 
of the primary coil forming the helically wound sec- 
ond form are helically wound about said single lon- 
gitudinal axis. 

5. The device of claim 1 or claim 2. where the second- 
ary form has more than one axis. 

6. The device of claim 5 where at least one layer is 
helically wound about each axis. 

7. The device of any one of the preceding claims, com- 
prising a metal selected from the group consisting 
of platinum, palladium, rhodium, gold, tungsten, 
and their alloys. 

8. The device of claim 7 comprising an alloy of plati- 
num and tungsten. 

9. The device of any one of claims 1 to 6. comprising 
an alloy selected from the group consisting of stain- 
less steels and super-elastic alloys. 

10. The device of claim 9 comprising nitinol. 

1 1 . The device of any one of the preceding claims, com- 
prising a polymer containing a radio-opaque filler. 

12. The device of any one of the preceding claims 
wherein the primary coil has regions which are rel- 
atively more flexible than other regions of the pri- 
mary coil. 



1 3. The device of any one of the preceding claims, ad- 
ditionally comprising attached polymeric fibers. 

14. The device of any one of claims 1 to 1 2. additionally 
comprising filamentary material attached to said pri- 
mary coil. 

15. The device of any one of the preceding claims, 
wherein the primary coil has a first end and a sec- 
ond end and additionally comprising a deployment 
tip attached to at least one of the first end and sec- 
ond end. 

16. The device of claim 15 wherein the deployment tip 
comprises a mechanically detachable end adapted 
to attach to and detach from a pusher. 

17. The device of claim 15 wherein the deployment lip 
comprises an electrolytically detachable end adapt- . 
ed to detach from a pusher by imposition of a cur- 
rent on said pusher. 



25 



30 



35 



40 



45 



50 



55 



EP 0 747 014 A1 




7 



EP 0 747 014 A1 





2B^ 



13S 



130 




FIG. 2C 



EP 0 747 014 A1 



140 




FIG. 3 




FIG. 4 



EP0 747 014 A1 




FIG. 5C 



EP 0 747 014 A1 




FIG. 5E 



11 



EP 0 747 014 A1 



190 



FIG. 6A 



192 



FIG. 6B 




FIG. 6C 



EP 0 747 014 A1 






198 



202 



FIG. 6E 



13 



EP0 747 014 A1 





FIG. 7B 



FIG. 7C 




EP 0 747 014 A1 



European Tatcnt 



EUROPEAN SEARCH REPORT 



AppUcatiun Nuroba 

EP 96 30 4218 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cication or document with indivMtion, where appropriate, 
of relevant pasyagey 



Relevant 
to claim 



ri.4Ssin<-4iioN OK riu: 

4PPUC4[U)N(lnt.CI.M 



DE-A-32 03 410 (WAELZLAGER NORMTEILE VEB) 
25 November 1982 

* page 4, last paragraph; figure 2 *. 



A61B17/12 



l>:niMt AJ. HM DS 
bLARCHKO (lnt.a.6) 



lYie present search report has been drawn up for all claims 



A61B 



THE HAGUE 



af lOVfiletiDn of the ttuik 

22 August 1996 



Gerard, 8 



CAitcoKv OK < irtD i)o< i.nu:ms 

X : pvticulirlv relevmt if fiken alone 

\ : particularly relevant if cunbined with another 

document of the same catc^^nrx 
A : tMThnnlnt^ical backernund 
O : noQ- writ ten disclosure 
r : intermediate document 



f : thoon or principle underlying the invention 
i; : earlier parent document, but published on. or 

alter the htinit date 
1) : 4utuffi«nt at«d in the applicatiun 
1. : document 6 ted for nrher ra^nn^ 

1 ; m<tTibrr ut the samv paivni taraily. correspond tni; 
ducumeni 



15 



